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PATENT 
Atty Dkt. No. 002004-219 

APPARATUS AND METHOD 
FOR MANUFACTURE OF MULTILAYER METAL PRODUCTS 


Field of the Invention 

This invention relates to multilayer metal foil insulating and shielding 
5 products which have both thermal and acoustical insulation and shielding utilities. 

Background of the Invention 

Multilayer metal foil products are known in the art for heat and acoustical 
insulation and shielding. One class of such products are generally known as "all 
metal" shielding and insulation products made from multiple layers of metal foils. 

10 Although referred to as all metal heat shields and heat insulation products, it is 
commonly understood that such products may contain various other materials 
interspersed between the foil layers such as fibers, adhesives, scrim layer and the 
like. An example of all metal heat shields is disclosed in U.S. Patent 5,800,905 
which discloses multiple layers of metal foils configured in spaced apart layers to 

15 provide heat shielding products for the automotive industry and other uses. 

Another example of such products is disclosed in U.S. Patent 5,958,603 which is 
directed to sunilar multilayer metal foil heat shield and insulation products but 
which are formed as integral products having independent structural strength due 
to structural features such as a rolled edge which combines all the layers into a 

20 fixed rigid structural configuration. Another example of similar multilayer metal 
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products is disclosed in U.S. Patent 5,939,212 which is directed to multilayer 
metal foil products which are corrugated in nature and which may be formed into 
flexible or stand-alone structural members by interlocking the corrugations of the 
multiple metal foil layers together. Multilayer metal foil heat insulation and 
5 shielding members are also useful in the food preparation devices, such as those 
illustrated in U.S. Patent 5,406,930 and in pending U.S. Patent Application Serial 
No. 09/422,140. The disclosures of the above patents and patent application are 
incorporated herein by reference in their entirety. 

Another category of multilayer metal foil heat insulation and shielding 
10 products are those which include as a significant or major portion of the layered 
product fibrous insulation materials. Examples of these multilayer metal foil 
products containing layers of fibrous materials are shown in U.S. Patent 5,658,634 
and U.S. Patent 5,767,024. Typically these types of multilayer metal foil shields 
having significant fiber content are used in lower temperature applications than the 
15 above "all-metal" type products. The disclosiu-es of the above patents are 
incorporated herein by reference in their entirety. 

While the manufacture of the above multilayer metal foil insulation and 
shieldmg products is well-known, there is a need for increased efficiency and 
increased flexibility in the manufacturing processes which can be used for 
20 production of those products. 

Summary of the Invention 

This invention provides new and improved manufacturing methods and 
manufacturing apparatus for production of multilayer metal foil insulation and 
shielding products. The present inventions are useful in the production of both the 
25 "all-metal" type products as well as fiber containing products. The present 
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inventions also include certain new and novel multilayer metal foil products 
themselves. 


In one aspect this invention provides a method of forming a muUilayer 
metal foil product* comprising providing a continuous stack of metal foil layers; 

5 separating at least two of the layers of the stack; imparting a pattern or surface 
treatment to at least one of said separated layers of metal foil; recombining the 
separated metal foil layers into a continuous stack of metal foil layers; and 
forming and cutting individual multilayer metal foil parts from said recombined 
continuous stack of metal foil layers. In this method of the invention each layer of 

10 the stack of metal foils can be either smooth or can be individually previously 
patterned with embossments, corrugations or other desired patterns. In this 
method, the stack of metal foil layers is separated usually into individual layers for 
the purpose of treating each individual layer with either patterns, such as 
embossments or corrugations, or surface treatment of each layer such as with 

15 adhesives or other materials. Once the individual layers are patterned or treated as 
desired, the layers are recombined into the continuous stack of metal foil layers, 
which continuous stack is then used for forming and cutting individual multilayer 
metal foil parts and devices from the recombined continuous stack of metal foil 
layers. As will be recognized from the disclosure herein, the initial continuous 

20 stack of metal foil layers may also comprise hitermediate layers of fiber material 
or other desired materials, or alternatively, once the individual metal foil layers 
are separated in the process of this invention, the additional layers, such as fiber 
layers can be inserted between the separated metal foil layers before the separated 
layers are recombined into the continuous stack of metal foil layers used for 

25 cutting and forming individual multilayer metal foil parts. 

In another aspect of this invention an apparatus is provided for producing 
and a multilayer metal foil product comprising a separator for receiving a 


-4- 


continuous multilayer stack of metal foil layers and separating at least two layers 
of said stack; a tool for imparting a pattern or surface treatment to at least one of 
said layers of metal foil; a feeder for feeding the separated layers through a slot for 
recombining the layers into a continuous multilayer stack of metal foil layers; and 

5 a second tool for receiving the recombined multilayer stack and for forming and 
cutting individual multilayer metal foil parts from said stack. The above apparatus 
is adapted to separate the layers of the metal foil stack, treat certain layers by 
surface treatment or patterns, such as embossments or corrugations, and 
recombining the layers into the stack of metal foil layers and finally, forming and 

10 cutting individual multilayer metal foil parts from the recombined stack of layers. 
The apparatus can optionally include additional intermediate feeder for inserting 
and feeding an additional layer of material into the stack between the separated 
layers before the separated layers are recombined into the continuous stack for 
forming and cutting individual parts from the stack 

15 In another aspect this invention provides a method of forming a multilayer 

metal foil product comprishig providing a continuous stack comprising patterned 
and nested metal foil layers; separating at least two of the nested layers of the 
stack; recombining the separated metal foil layers into a continuous stack of the 
metal foil layers in a manner to prevent the layers from nesting; and forming and 

20 cutting individual multilayer metal foil parts from said recombined stack of metal 
foil layers. In this aspect of the invention, the nested preformed patterned layers 
are separated and recombined in a non-nested form to provide gaps between the 
metal foil layers before the multilayer stack is used to form and cut individual 
multilayer metal foil parts from the recombined stack of spaced apart metal foil 

25 layers. In this aspect of the invention, the continuous stack of patterned and nested 
metal foil layers is provided by combining multiple layers of smooth metal foil 
into a stack and then embossing or corrugating or otherwise forming a patterned 
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texture in all of the layers of the stack at the same time, which results in the stack 
of patterned metal foil layers being nested. Such a stack of metal foil layers is 
then subjected to the above method of separating the layers and recombining the 
layers in a manner to prevent the layers from nesting. Such a method can include 
5 offsetting the patterns of each individual layer from the similar patterns of an 

adjacent layer to prevent the layers from nesting. Then the layers are recombined 
into the multilayer stack for forming and cutting hidividual multilayer metal foil 
parts from the recombined stack. 

In another aspect, this invention provides apparatus for producing a 
10 multilayer metal foil product comprising a separator for receiving a continuous 

nested stack of patterned metal foil layers and separating at least two layers of said 
stack; a tool for offsetting the separated layers to prevent nesting of the layers 
when recombined into a stack; a feeder for feeding the separated layers through a 
slot for recombining the layers into a continuous stack of metal foil layers; and 
15 a second tool for receiving the recombined stack and for forming and cutting 
individual multilayer metal foil parts from said stack. 

In another aspect, this invention provides a method of producing a 
multilayer metal foil product comprising combining a plurality of continuous metal 

20 foil layers to form an advancing continuous stack of metal foil layers; scoring or 
creasing the advancing continuous stack of metal foil layers across at least a 
portion of the width of the stack at predetermined intervals along the length of the 
continuous stack; causing the continuous stack of metal foil layers to fold in 
alternating directions at said scores or creases; and piling the alternately folding 

25 stack in a zigzag fashion to form a z-fold pack of the continuous stack of metal foil 
layers. In this aspect of the invention, the method is provided to provide a new 
form of feedstock for various operations manufacturing multilayer metal parts and 
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products, particularly multilayer metal foil parts and products. Conventionally, 
such multilayer metal foil parts and products have been formed from multiple 
layers of metal foils where each layer of metal foil is supplied into the 
manufacturing process from a metal foil roll. The present method of this invention 
5 provides a method of making a multilayer metal foil raw material which can be 
supplied to manufacturing operations where multilayer metal foil parts and 
products are formed and shaped. The multilayer metal foil continuous stack 
formed into the z-fold pack according to this invention is useful in those 
manufacturing operations which are not equipped to handle rolls of individual 
10 metal foil layers. 


In another aspect, this invention provides an apparatus for producing a 
multilayer metal foil product comprising a plurality of feeders for feeding a 
plurality of continuous metal foil layers to a collection slot; a collection slot 
positioned to receive the plurality of continuous metal foil layers therethrough to 

15 form a continuous multilayer stack of said metal foil layers and positioned to pass 
the continuous stack to a tool; a tool for receiving the continuous stack and 
laterally scoring or creasing the continuous stack of said layers across at least a 
portion of its width at predetermined mtervals along its length and causing the 
continuous stack of said layers to fold in alternating directions at said intervals into 

20 a pile; and a support member positioned for receiving the pile of the folding 

continuous stack of said metal foil layers from said tool to form a z-fold pack of 
folded continuous stack of metal foil layers. 


In another aspect, this invention provides a multilayer metal foil product 
comprising a plurality of continuous metal foil layers having a width X and formed 
25 in a multilayer stack wherein the continuous multilayer stack of metal foil layers is 
folded across width X at intervals Y in alternating directions, is piled in a zigzag 
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fashion in the form of a pack of a continuous multilayer metal foil stack, said pack 
having a width X, a length Y and a height H determined by a preselected desired 
length of the z- folded continuous multilayer stack of metal foil layers or a 
preselected desire height of the z-fold pack to make it suitable for shipping and 
5 handling at the parts manufacturing operation. 


In another aspect, this invention provides a method of producing multilayer 
metal foil parts comprising feeding to a parts forming operation a continuous 
multilayer stack of metal foil layers from a z-fold pack of a continuous multilayer 
stack of metal foil layers; and forming and cutting individual multilayer metal foil 
10 parts from said stack of metal foil layers. 

The above aspects of this invention are more fiiUy explained in reference to 
the drawings and general disclosure herein. 


Brief Description of the Drawings 

Figure 1 is a cross-section illustration of the aspect of this invention 
15 wherein individual multilayer metal foil parts and products are formed from a 
continuous multilayer stack of metal foil layers. 

Figure 2 illustrates the aspect of this invention wherein multiple metal foil 
layers are formed into a continuous stack which is then creased and folded in order 
to pile the multilayer metal foil stack in a zigzag fashion in order to form a z-fold 
20 pack of multilayer metal foil stack of materials. 


Figure 3 illustrates an alternative method and apparatus for scoring or 
creasing the multilayer material for folding into the z-fold pack. 
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Figure 4 illustrates an aspect of this invention wherein individual multilayer 
metal foil parts are formed using as the raw material or feed stock, a z-fold pack of 
continuous multilayer stack of metal foil layers. 


Description of the Invention 
5 The various aspects of the present invention can best be understood by 

reference to the drawings and the following disclosure. 


Figure 1 illustrates in cross-section form the aspect of this invention 
wherein a multilayer metal foil stack 10 is separated by a separation tool 
comprising rollers 14 and 16 to separate the multilayer stack of metal foils 10 into 

10 separate and individual metal foil layers 11. The purpose of separating the 

multilayer stack of metal foils is to enable treatment or processing of some or all 
of the layers before the metal foil layers are reassembled and recombtned into a 
multilayer stack of metal foils for production of multilayer metal foil parts and 
products. For example, as illustrated in Figure 1, corrugation rollers 18 and 19 

15 are used to form corrugated layers 15 as two of the five layers which are then 

recombined at the slot between rollers 20 and 21 to form the multilayer metal foil 
stack comprising three smooth layers of metal foil and two corrugated layers of 
metal foil. The recombined multilayer stack of metal foils 22 is then fed to 
stamping and cutting tool 24 which produces individual multilayer metal foil 

20 parts 26. 

In the illustration shown in Figure 1 , a five layer stack of metal foils is 
illustrated. However, it will be understood that any number of layers of metal foil 
from two layers to as many layers which one skilled in the art deems appropriate 
25 for the particular multilayer metal foil end product being produced. Likewise, it 
will be recognized that in addition to at least two metal foil layers in the multilayer 
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stack, various other layers of materials can be inserted between the metal foil 
layers or added to the outside of the multilayer stack of metal foil layers. For 
example, as illustrated in Figure 1, optional roll 29 can be inserted to add an 
additional layer 30, thus resulting in a six layer stack, which is then fed to 
5 stamping tool 24 to produce parts 26, Optional layer 30 can be selected to provide 
any properties to be exhibited by the end product. For example, layer 30 can be 
fiber, a plastic film, adhesive, scrim, or other material. Similarly, the initial 
supply of the multilayer metal foil stack 10 can initially contain any combination of 
metal foil layers, layers of other materials, such as fiber, adhesive, plastic, etc. 

10 Further, continuous multilayer stack 10, or the recombined continusous multilayer 
stack 22 can contain one or more layers of metal sheet, which is thicker than the 
metal foil layers. For example, the multilayer stack of metal foils and other 
materials, 10, can comprise five metal foil layers, or as many metal foil layers as 
desired, or could comprise two metal foil layers, two fibrous layers, and an 

15 adhesive layer either internally or externally, depending on the end use application 
for which the final individual parts and products are to be utilized. Additionally, 
the multilayer stack can comprise one or more metal sheets for structural strength 
of the final formed part 26. 

Another optional aspect illustrated in Figure 1 comprising part of this 
20 invention is illustrated at roll pattern tool 27 which optionally can be used to 

impart a pattern such as embossments or corrugations in the multilayer metal foil 
stack 10 prior to the layers being separated for further treatment. It will also be 
understood that in place of or in addition to pattern tool 27, the initial supply of 
multilayer metal foil stack 10 can previously have been patterned, such as 
25 embossed, corrugated or otherwise prior to being supplied to the process and 
apparatus illustrated in Figure 1 , 
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The products 26 produced by the method and apparatus illustrated in 
Figure 1 include products like those disclosed and illustrated in U.S, Patents 
5,800,905; 5,958,603; 5,939,212; 5,406,930; 5,658,634 and 5,767,024, and in 
U.S. Patent Application 09/422,140, the disclosures of which patents and patent 
5 application are incorporated herein by reference in their entirety. By reference to 
these patents, it will be apparent that not only the types of "all-metal" multilayer 
metal foil products which can be produced in the method and apparatus illustrated 
in Figure 1 , but it will be equally apparent, the types of metal foil/fiber layer 
products which can likewise be produced by the method and apparatus illustrated 

10 in Figure 1 according to this invention. Likewise, one skilled in the art selecthig a 
product disclosed in the above patents and patent application for manufacture in 
accordance with this invention as illustrated in Figure 1 will find it apparent as to 
the make-up of the multilayer metal foil stack 10 or stack 22, which will be 
required to produce a desired product according to the disclosures of said patents 

15 and patent application. 

In reference to Figure 1 , it will likewise be apparent to one skilled in the 
art that the separator illustrated in Figure 1 for separating the layered continuous 
stack of metal foil layers is shown as rollers 14 and 16, but various other 
configurations of mechanical separator can be utilized for separating the layers of 

20 the metal foil stack 10. It will further be apparent to one skilled in the art, that the 
tools 18 and 19 for imparting patterns or surface treatment to one or more layers 
of the metal foil or to other fibrous, plastic or other layers makuig up the 
multilayer stack 10, from which parts are to be formed. It will be apparent to one 
skilled in the art with respect to the tools required to produce the desired various 

25 layers to form part of the final stack 22 from which the parts 26 are formed and 
cut. The slot for recombining the layers after they have been textured or treated 
and combining any additional optional layers is illustrated in Figure 1 as the space 
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between rollers 20 and 21. However, it will be recognized by one skilled in the 
art that the slot for recombming the separated layers into the final multilayer stack 
22 for making parts and products can constitute a slot or gap between any desired 
type of members such as bars, rods, rollers, etc. 

5 In another aspect of this invention, a modified method and apparatus 

illustrated in Figure 1 can be used wherein the continuous stack of metal foil layers 
10 are all pre-embossed simultaneously, such that the embossments or corrugations 
extend through all of the nested layers of the stack 10, and the function of 
separating the nested textured layers is to offset or otherwise treat the separated 

10 layers such that they do not nest when they are recombined, such as at the slot 
between rollers 20 and 21, into multilayer stack 22. In one such a product 
produced by the method and apparatus illustrated in Figure 1, all layers of the 
stack 10 would be identical and all layers m recombined stack 22 would be 
identical except they would be positioned so that they would not nest and would 

15 retain gaps between the layers to provide the desired insulating and shielding 

properties desired in the final products 26. As will be appreciated by one skilled 
in the art, by reference to the above indicated patents and patent application, the 
combmation of various layers, thickness of layers, types of materials, and 
dunensions of the layers are infmitely possible depending on the final products 

20 desired and the performance and properties desired in those final products. 

Likewise, it will be apparent to one skilled in the art that the products of various 
end utility such as automotive, heat shielding and insulation, acoustical shielding 
and insulation, heat insulation in cooking devices, etc. can be designed and an 
appropriate method and apparatus of this invention, such as illustrated and 

25 exemplified in Figure 1 , can be utilized to make those multilayer heat and sound 
insulation and shielding products. 
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Figure 2 illustrates another important aspect of the present invention 
wherein multiple layers of metal foils 42 are supplied from rolls of metal foil 41 
which are fed to the collection slot being the space between rollers 43 and 44 to 
form a multilayer stack 10 of metal foil layers. Stack 10 is then advanced through 
5 creasing or scoring tools 46 and 47 to impart to the multilayer metal foil stack 10 a 
score or crease across at least a portion of the width of stack 10, which scores or 
creases alternate in left and right directions, as illustrated in Figure 2 at scoring 
tools 46 and 47. Scoring or creasing tools 46 and 47 are activated at desired 
alternating intervals to provide length Y between alternating crease or score 

10 directions, thus resulting in the multilayer metal foil stack 10 bending at the 

respective creases in alternating directions in a zigzag fashion and forming a z-fold 
pile of the multilayer stack as the stack is advanced. The length Y of the z-fold 
pack 23 will be determined by and is equal to the length Y between the scores or 
creases imparted to the advancing continuous multilayer stack of metal foils 

15 imparted by tools 46 and 47 for that purpose. The z-fold pack 23 provides a novel 
form of the multilayer stack of metal foils, which has various utilities as a feed 
stock or raw material for various manufacturing operations making multilayer 
parts of metal foils or metal foils and fiber layers. The z-fold pack 23 enables the 
efficient shipping and storage of a supply or inventory of multilayer stacks of 

20 metal foils of various properties and types without the necessity of storing large 

rolls of foil or rolls of fiber material. When needed for manufacturing a particular 
part, the z-fold pack 23 provides a readily available source of continuous feed 
stock of a preassembled, ready-to-use stack of the desired metal foil layers, with or 
without optional fiber, plastic, scrim, adhesive, metal sheet, etc., layers, from 

25 which the part forming or stamping manufacturing operation can produce parts on 
a continuous basis. 
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As will be appreciated by one skilled in the art, in reference to Figure 2 
and in reference to the disclosure herein as well as the disclosures of the patents 
and patent application referred to above, the number of layers of metal foil and 
other materials can vary from two to any desired number depending on the end use 
5 to which the z-folded pack of multilayer metal foil stack material will be utilized. 
For example, all layers may be smooth metal foil layers, metal foil layers can 
alternate with fibrous layers or with adhesive or other layers such as plastic film or 
adhesive film. Alternatively, all layers can be metal foil layers which are textured 
or corrugated which can result in an "all-metal" heat shield, or insulation parts 
10 formed from the multilayer stack 10, and may optionally be supplemented by one 
or more metal sheet layers for structural purposes. 

Figure 3 is an illustration similar to Figure 2 but illustrating a different 
mechanism and tool for imparting the score or crease across at least a portion of 
the width of the multilayer stack 10. As illustrated in Figure 3, rotating members 

15 56 and 57 having a respective male and female portion can be positioned so that 
the multilayer stack 10 passes between the respective members 56 and 57, which 
are stationary, except when they are respectively periodically activated and rotated 
one revolution at predetermined intervals to produce the alternating score or crease 
across the substantial width of the multilayer stack 10 and intervals Y which then 

20 produce a z-fold pile having a length having a length Y when piled in the form of 
stack 23. It will be apparent that, depending on the characteristics of the 
multilayer stack 10 being utilized to make the z-fold pack 23, the alternating 
scoring or creasing need only be enough to cause the stack 10 to fold in the desired 
zigzag form at the desired intervals to produce the z-fold pack having the desired 

25 length Y. In some instances the scoring or creasing may need to only be at the 
edges of the width of stack 10, while in other instances it may need to be at 
numerous points across the width of stack 10, or even a continuous scoring or 
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creasing across the entire width of stack 10, in order to achieve the desired 
alternating folding to produce the desired z-fold pack 23. In some instances the 
scoring or creasing may need only to be the top layer of the multilayer stack 10 or 
in some instances several but not all the layers of stack 10. So long as the 
multilayer stack 10 folds in alternating directions to form the z-fold pack, the 
scoring or creasing can be kept at a minimum amount across the width and a 
minimum penetration of layers of stack 10. 

The z-fold pack 23 produced by the methods and apparatus illustrated in 
Figures 2 and 3 have unique properties and unique utility as a feed-stock for part- 
forming processes as illustrated in Figure 1 and described above. 

The z-fold pack 23 of continuous multilayer stack 10 of metal foil layers 
has many advantages and utilities in the manufacture of multilayer metal foil parts 
and products. For example, when multilayer metal foil parts are made for 
automotive use and are made in one location and must be shipped to the 
automotive assembly location, it is inefficient in that the parts are bulky, take a 
tremendous volume of space for shipping and are subject to damage during 
shipment. Similarly, it is impractical to transport and store rolls of metal foil raw 
materials for fabrication into the final parts at or near the automotive assembly 
facility. 

The method and apparatus of this invention as exemplified in Figures 2 and 
3 produce a new and useful unique product in the form of a z-fold pack 23 of the 
continuous stack of multilayer metal foils which is useful as a feedstock in 
processes to manufacture formed individual parts as illustrated in Figure 1 . The z- 
fold pack 23 of the folded multilayer metal foil stack 10 can achieve various 
efficiencies depending on the type of metal foils in the multilayer stack 10, as well 
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as other layers such as fibers, adhesives, etc. By way of illustration, it is pointed 
out that multilayer metal foil products, such as 26 in Figure 1, are usually 
designed for specific performance based on number of metal foil layers, thickness 
of each layer, the texture of each layer, whether embossed, corrugated, or 
5 otherwise. An object of this invention is to provide methods and apparatus for the 
most efficient shipping of a z-fold pack 23 to provide appropriate feedstock on a 
continuous basis to a part-forming operation such as illustrated in Figure 1 , By 
way of an example illustration, it may be pointed out that in a container, such as 
container 12 in Figure 1 , if formed and shaped parts 26 are shipped in such a 

10 container, the space required for a given number of parts 26 would be in terms of 
vertical inches. In contrast, by utilizing the z-fold pack 23 made according to the 
methods and apparatus of this invention as illustrated in Figures 2 and 3, a large 
amount of multilayer material can be shipped very compactly, which can be 
determined in folds of the multilayer stack per vertical inch in a container 12. The 

15 density of the pack 23 of the multilayer z-folded multilayer stack 10 will be 

governed by the manufacturing facility and process which will utilize the z-fold 
pack 23, i.e., whether the manufacturing facility producing the parts from the z- 
fold pack 23 of the multilayer stack 10 will have embossing or corrugating or 
other processing capabilities. If the manufacturing facility only has stamping and 

20 cutting capability, then the z-fold pack 23 will by necessity contain a continuous 
stack of embossed or corrugated or otherwise textured multilayer stack 10. In this 
case, each layer will have been individually embossed or corrugated prior to being 
assembled into the continuous multilayer stack 10, In the case of typical 
embossments of a five-layer 2 mil aluminum foil stack when formed into the z-fold 

25 pack 23 in accordance with the method and apparatus of this invention such as 

illustrated in Figures 2 and 3, a container 12 containing z-fold pack 23 will contain 
about 5 folds of multilayer stack 10 per vertical inch. In contrast, if the five layers 
of 2 mil aluminum foil are all fed in a flat five-layer stack to a single embosser and 
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are embossed with a single embossment pattern to provide an embossed, nested, 
multilayer stack 10, which then will be separated at the manufacturing facility as 
illustrated in Figure 1 before being constituted into a final multilayer stack 22 to 
produce final parts, such a five-layer stack 10 when z-folded to form z-fold pack 
5 23 can result in about 20 folds per vertical inch in a container 12. Thus, it can be 
seen that the shipping density in a given container is much greater when a z-fold 
pack can be used for this configuration of the multilayer stack 10 of metal foils, 
due to the manufacturing capability at the part-forming operation. Similarly, if the 
multilayer stack 10 of metal foils is simply five smooth and flat layers of 2 mil 

10 aluminum foil z-folded into pack 23, as illustrated in Figures 2 and 3, it is 

estimated that such multilayer aluminum foil stack 10 can be packed in the z-fold 
pack 23 at about 100 folds per vertical inch in container 12 of Figure 1. Thus, the 
efficiency and advantage of the z-fold pack 23 of this invention can be seen. Such 
a high density z-fold pack of multilayer metal foil feedstock for a parts 

15 manufacturing operation can be provided in a pallet form with a continuous supply 
of material for parts-forming operations, such as illustrated in Figures 1 and 4 or 
other part-forming operations. The z-fold pack provided by the present invention 
provides a more efficient way of supplying continuous multilayer metal foil 
feedstock than, as indicated above, transporting, handling and storing of individual 

20 rolls of metal foil at the parts manufacturing facility. 

Figure 4 illustrates an additional configuration in which the z-fold pack 23 
of multilayer metal foil stack 10 can be efficiently utilized according to the present 
invention. In Figure 4 it is illustrated that the draw of multilayer stack 10 from z- 
fold pack 23 and container 12 for use in manufacturing operations is not required 
25 to be vertical as illustrated in Figure 1, but can be horizontal as illustrated in 
Figure 4. The horizontal draw of the continuous multilayer metal foil stack 10 
from stack 23 and container 12 is more suitable in many manufacturing operations. 
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In such a manufacturing process, the z-fold pack of multilayer stack 10 is simply 
pulled horizontally from container 12, which has been rotated to lie on its side to 
enable the horizontal deployment of the z-folded stack 10 from pack 23. In such a 
configuration, the multilayer stack 10 can slide on a support 63 through rollers 61, 
5 which feed the multilayer stack 10 to the forming and cutting tool 64, which 
produces parts 66. In such a configuration, the z-folds of stack 10 can be 
prevented from collapsing out of container 12 by either setthig container 12 at a 
slight angle or providing a retahier 60 at the top of the z-folds to allow only one z- 
fold to exit container 12 at any single time as demanded by the draw of the 

10 multilayer stack 10 through rollers 61. Another aspect of this invention is 
illustrated in Figure 4, wherein it can be seen that the scores or creases 68 
resulting from the z-fold configuration of multilayer stack 10 can be configured so 
that they do not interfere with the formation of parts such as parts 66. In many 
operations, the creases or scores 68 will be formed into the final parts with no 

15 consequence. However, if it would be detrimental to the final part 66 to have a 
crease or score 68 in some area of the part, the crease or score 68 can be 
positioned so that it is in the scrap area adjacent to the part when the part is cut 
from the multilayer metal foil stack 10. 

The materials useful in the multilayer stacks of this invention will be 
20 apparent to one skilled in the art and will include typically aluminum, stainless 

steel, copper, and other metal foils and metal sheets, plastic coated metal foils and 
sheets, laminates of metals, alloys of these and other metals, and metallic materials 
which are plastically deformable and are permanently deformable. In addition to 
metal, other materials may be mterlayered between two or more of the metal foil 
25 layers of the multilayer structure of this invention. For example, plastic fihns, 
metalized polymeric films, adhesive layers, spray on adhesives, coatings, etc., 
may be included hi place of or between metal foil layers, particularly in acoustic 
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applications where additional sound damping is desired. The thickness of the 
various metal and other layers employed will depend on the end use application. It 
is preferred that the muhilayer structure be made primarily of metal foils having a 
thickness of 0.006 in, (6 mil) or less and in particular it is preferred that in, for 

5 example, a five layer structure, at least the three interior layers are thin metal 

foils, for example 0.002 in. (2 mil) thick metal foils. The exterior layers of an all- 
foil or all-metal stack are frequently desired to be heavier metal foils of 0.005 in. 
or 0.006 in. in thickness. Likewise, when the exterior layers are desired to 
function as protective or structured layers, they may be metal sheets of 0.010 or 

10 even up to 0,050 in. in thickness. In this regard, it is also recognized that the 
multilayer metal structures of this invention can be a non-foil structure made 
partially or entirely of layers of metal sheets thicker than metal foils, i.e. , metal 
sheets having thicknesses in excess of 0.006 in. Thus, any metal foil layer 
described herein can be a metal sheet layer or can be other material such as 

15 polymeric, fibrous, etc. 

The number of layers in the multilayer stack and the thicknesses of each 
layer will be selected by one skilled in the art depending on the flexibility desired, 
the vertical strength required in the final part or product, the capacity for lateral 
heat transfer, the requirements for sound damping, etc. The thickness of various 

20 metal foil layers may vary from 0.0008 to 0.006 in., with the 0.002 in. and 0.005 
in. metal foils being preferred for many applications. When heavier sheets are 
used and in particular for the top sheets or protective exterior sheets, the metal 
sheets can have a thickness of greater than 0.006 in. up to about 0.050 in, , with 
the preferred top sheets or exterior sheets having a thickness of 0,010 in. to about 

25 0.030 in. Some examples of combmations of number of layers and thicknesses of 
the alternating corrugated and separation layers used in forming the multilayer 
metal foil structures of this invention are: (in mils, 1 mil=0.001 in.) 2/2; 2/5; 
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2/2/5; 2/8; 10/2/5; 2/2/5/5; 5/0.8/0.8/5; 10/2/2/5; 10/2/2/2/5; 5/2/2/2/5; 
2/2/2/2/2/5; 5/2/2/2/2/10; %limilA\ 5I2I2I\0\ 5/0.8/0,8/5; and 

10/2/0.8/0.8/2/5. Examples of non-foil metal sheet structures are: 10/30; 
10/10/50; 10/8/8/8; 30/10/10/10/30; 8/8/8; and 50/8/8/10. The foil and sheet 
5 materials useful in this invention are similar to those disclosed in U.S. Patent No. 
5,958,603; U.S. Patent No. 5,939,212 and PCT Application Publication No. WO 
98/44835, the disclosures of which are incorporated herein by reference. The 
above relative thicknesses of the layers can apply to metal/fiber/plastic/scrim/etc. 
combinations for use in the methods and products of this invention. 

10 The multilayer stacks of metal foils useful in this invention will preferably 

have a total thickness from about 0.5 inch to about 1.0 inch or greater, depending 
on the number of layers, height of patterns such as embossments or corrugations, 
etc., desired for a particular shielding or insulating end use application. For 
example, a typical 5-layer stack having corrugated layers will have a total 

15 thickness of between about 0.75 and 1.0 inch, preferably between about 0.8 and 
0.9 inch. Similar thickness may be employed in such a 5-layer structure with an 
exterior layer added as the sixth layer. A typical corrugation height (thickness of a 
single corrugated layer) will be between about 0.1 and 0.5 inch and preferably 
between about 0.2 and 0.4 inch. A typical embossment height will be between 

20 about 0.010 and 0. 1 inch, preferably between about 0.020 and 0.080 inch, with 
0.050 inch being a typical embossment height, which will result in a five-layer 
embossed stack having a total thickness of between about 0,2 and 0.5 inch. 

The fiber materials useful in the multilayer stacks of this invention include 
conventional fibrous layers mcluding polyester, aramid, fiberglass, paper and 
25 other fibrous materials which provide desired heat or sound insulation properties. 
Examples of such fiber-containing multilayer stacks are disclosed ua U.S. Patents 
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5,658,634 and 5,767,024, the disclosures of which are incorporated herein by 
reference. One skilled in the art will recognize from the drawings and disclosure 
herein the unique advantages provided by the combination of metal layers and 
fiber or other layers, as well as layers of other materials as suggested above, 
5 including plastics, metalized films, etc. 

In the aspect of this invention related to forming the multilayer stack into a 
z-fold pack as illustrated m Figures 2 and 3 and the utilization of that z-fold pack 
of multilayer stack of material as a feedstock in manufacturing operations as 
illustrated in Figures 1 and 4 of this application, will preferably be practiced with 

10 preferred stacks of materials such as five-layer or seven-layer stacks of metal foils, 
or metal foils in combination with layers of other materials such as fiber layers, 
plastic layers, adhesive layers and the like. However, it will be recognized that 
the scope of the present invention may be utilized with multilayer stacks of 
materials ranging from two metal layers to as many layers as is appropriate for a 

15 particular product design and may be utilized using a single metal layer in 

combination with a layer of fiber material, plastic material, etc., in order to form 
the z-fold pack as illustrated in Figures 2 and 3, then utilize the z-fold pack in 
manufacturing operations to produce formed individual parts as illustrated in 
Figures 1 and 4. It will also be recognized that some of the layers in the 

20 multilayer stack may be discontinuous or have gaps in the layers. For example, in 
reference to Figure 1, it will be recognized that the layers 15 which are corrugated 
by corrugating tools 18 and 19 will be shortened in length compared to the flat 
layers which are not significantly corrugated or patterned to likewise shorten those 
layers in length. Consequently, layers 15 may be cut in segments to feed into the 

25 slot between rollers 20 and 21. However, the gaps between the ends of segmented 
layers 15 can be coordinated with the stamping of the products in tool 24, so that 
the gaps in discontinuous layers 15 occur between the product stampings and do 
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not affect the quality or performance of final products 26. Thus, it can be seen 
that one skilled in the art can devise various combinations of materials, segmented 
layers, etc., provided that the overall structure of the multilayer stack is capable of 
being formed into the z-fold pack as illustrated in Figures 2 and 3 and can then be 
5 pulled from the pack and utilized in manufacturing operations as illustrated in 
Figures 1 and 4. 

Another advantage provided by the present invention involves the separate 
use of embossmg tools such as 48 and 49 in Figure 2 which can typically run much 
faster, such as three times the lineal rate than can part-forming and stamping 

10 operations as illustrated by tool 24 in Figure 1. The present invention thus 

provides the advantage of enabling less investment in corrugating tools to form 
multilayer corrugated or embossed layers, which can be run at high speed and 
stockpiled in the form of the z-fold pack 23. Then the z-fold pack 23 can be 
utilized at a slower production rate in feet per minute through the part-stamping 

15 and forming operations illustrated in Figures 1 and 4. Prior to this invention, the 
embossing or corrugating tools were positioned in line to feed directly into a part- 
forming or part-stamping operation, thus requiring capital investment of 
embossment or corrugating tools for each part-forming line. Utilizing the present 
invention, a single embossing or corrugating tool can be used to produce the z-fold 

20 pack 23 and ultimately, provide multilayer stack feedstock to as many as three 

product-forming production lines for one embossment or corrugating tool. As will 
also be apparent to one skilled in the art, followhig the disclosure of the present 
application including the drawings, the size of the z-fold pack 23 can be adjusted 
for any desired size, depending on container 12 of Figure 1 and Figure 4, and is 

25 limited only by the size that can be accommodated by the length Y and height of 
the z-fold pack 23 . Typically with multilayer metal foil stacks formed into the z- 
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fold pack 23, weight per container is not a limiting factor, whereas volume of 
container 12 will usually be the limiting factor on capacity. 

Other variations of the methods of making and utilizing the z-fold pack of 
multilayer metal foil stacks according to the present invention will be apparent to 
one skilled in the art following the teachings of this disclosure. 
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Claims : 

1 . A method of forming a multilayer metal foil product comprising 
providing a continuous stack of metal foil layers; 

separating at least two of the layers of the stack; 
5 imparting a pattern or surface treatment to at least one of said 

separated layers of metal foil; 

recombining the separated metal foil layers into a continuous stack 
of metal foil layers; and 

formmg and cutting individual multilayer metal foil parts from said 
10 recombined continuous stack of metal foil layers. 

2. A method according to claim 1 wherein the pattern imparted to said 
at least one layer of metal foil is embossments or corrugations, 

3. A method according to claim 1 wherein the continuous stack of 
metal foil layers is provided from a z-fold pack. 

15 4, A method according to claim 1 wherein the stack of metal foil 

layers comprises a fiberous layer between two metal foil layers, 

5. A method according to claim 1 wherein the surface treatment 
comprises an adhesive applied to a surface of said at least one layer of metal foil. 

6. A method according to claim 1 wherein the stack of metal foils 
20 comprises a metal sheet layer. 
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7. A method according to claim 2 comprising providing a stack of 
metal foil layers having at least one layer having a preexisting embossed pattern 
and imparting to at least one separated layer of metal foil a pattern of corrugations 
before recombining the layers into the continuous stack. 

5 8. A method according to claim 2 comprising providing a stack of 

metal foil layers having all the layers embossed and nested and imparting to at 
least one separated layer a pattern of corrugations before recombining the layers 
into the continuous stack. 

9. A method according to claim 7 comprising providing a stack 

10 comprising five metal foil layers comprising three embossed metal foil layers and 
two smooth metal foil layers positioned one between each pair of embossed metal 
foil layers and imparting a pattern of corrugations to each of the two smooth metal 
foil layers before recombining the five metal foil layers into the continuous stack. 

10. An apparatus for producing a multilayer metal foil product 
15 comprising 

a separator for receiving a continuous stack of metal foil layers and 
separating at least two layers of said stack; 

a tool for imparting a pattern or surface treatment to at least one of 
said layers of metal foil; 
20 a feeder for feeding the separated layers through a slot for 

recombining the layers into a continuous stack of metal foil layers; and 

a second tool for receiving the recombined stack and for forming 
and cutting individual multilayer metal foil parts from said stack. 
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11. An apparatus according to claim 10 wherein the pattern imparted to 
said at least one layer of metal foil is embossments or corrugations. 

12. An apparatus according to claim 10 comprising a first feeder for 
receiving the continuous stack of metal foil layers from a z-fold pack and feedmg 

5 the continuous stack to said separator. 

13. An apparatus according to claim 10 wherehi the surface treatment 
comprises an adhesive applied to a surface of said at least one layer of metal foil. 

14. An apparatus according to claim 10 comprising an intermediate 
feeder for feeding an additional layer of material between two of the separated 

10 layers and through said slot to combine the additional layer of material with the 
recombined continuous stack of metal foil layers. 

15. An apparatus according to claim 14 wherein the additional layer is a 
fiber layer. 

15 16, A method of forming a multilayer metal foil product comprising 

providing a continuous stack comprising patterned and nested metal 

foil layers; 

separating at least two of the nested layers of the stack; 
recombining the separated metal foil layers into a continuous stack 
20 of the metal foil layers in a manner to prevent the layers from nesting; and 

forming and cutting individual multilayer metal foil parts from said 
recombined stack of metal foil layers. 
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17. A method according to claim 16 comprising imparting an additional 
pattern or a surface treatment to at least one of said separated layers of metal foil, 

18. A method according to claim 16 wherein the pattern imparted to 
said at least one layer of metal foil is embossments or corrugations. 

5 

19. A method according to claim 16 wherein the continuous stack of 
metal foil layers is provided from a z-fold pack. 

20. A method according to claim 16 wherein the stack of metal foil 
10 layers comprises a fiberous layer between two metal foil layers. 

21. A method according to claim 16 wherein the surface treatment 
comprises an adhesive applied to a surface of said at least one layer of metal foil. 

22. A method according to claim 16 wherein the stack of metal foils 
comprises a metal sheet layer. 

15 

23 . An apparatus for producing a multilayer metal foil product 
comprising 

a separator for receiving a continuous nested stack of patterned 
metal foil layers and separating at least two layers of said stack; 
20 a tool for offsetting the separated layers to prevent nesting of the 

layers when recombined into a stack; 

a feeder for feeding the separated layers through a slot for 
recombining the layers into a stack of continuous metal foil layers; and 

a second tool for receiving the recombined stack and for forming 
25 and cutting individual multilayer metal foil parts from said stack. 


-27- 


24. An apparatus according to claim 23 comprising an additional tool 
for imparting an additional pattern or a surface treatment to at least one of said 
layers of metal foil. 

25. An apparatus according to claim 23 wherein the pattern imparted to 
said at least one layer of metal foil is embossments or corrugations. 

26. An apparatus according to claim 23 comprising a first feeder for 
receiving the continuous nested stack of metal foil layers from a z-fold pack and 
feeding the continuous stack to said separator. 

27. An apparatus according to claim 24 wherein the surface treatment 
comprises an adhesive applied to a surface of said at least one layer of metal foil. 

28. A method of producing a multilayer metal foil product comprising: 
combining a plurality of continuous metal foil layers to form an 

advancmg continuous stack of metal foil layers; 

scoring or creasing the advancing stack of continuous metal foil 
layers across at least a portion of the width of the stack at predetermined intervals; 

causing the continuous stack of metal foil layers to fold in 
alternating directions at said scores or creases; and 

piling the alternately foldmg stack in a zigzag fashion to form a 
z-fold pack of the continuous stack of metal foil layers. 
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29. A method according to claim 28 wherein the step of combining the 
continuous metal foil layers comprises combining a plurality of continuous flat 
metal foil layers to form a stack and imparting a pattern to all layers of the stack to 
form a stack of patterned and nested metal foil layers. 

5 30. A method according to claim 28 wherein the step of combining the 

continuous metal foil layers comprises combining a plurality of previously 
patterned metal foil layers to form a continuous stack of spaced apart metal foil 
layers. 

31. A method according to claim 28 wherein the step of combining the 
10 continuous metal foil layers comprises combining at least one patterned metal foil 

layer and at least one flat metal foil layer to form a continuous stack of metal foil 
layers. 

32. A method according to claim 28 wherein the metal foil layers 
combined to form the stack are flat metal foil layers. 

15 33. A method according to claim 29 wherein the pattern imparted to the 

stack of metal foil layers is embossments or corrugations. 

34, A method according to claim 28 wherein the pattern imparted to the 
stack of metal foil layers is embossments or corrugations, 

35. A method according to claim 29 wherein the pattern imparted to the 
20 stack of metal foil layers is embossments or corrugations. 
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36. A method according to claim 28 comprising combining a fiber layer 
between two of the metal foil layers. 

37. An apparatus for producing a multilayer metal foil product 
comprising: 

5 a plurality of feeders for feeding a plurality of continuous metal foil 

layers to a collection slot; 

a collection slot positioned to receive the plurality of continuous 
metal foil layers therethrough to form a continuous stack of said layers and 
positioned to pass the continuous stack to a tool; 
10 a tool for laterally scoring or creasing the continuous stack of said 

layers across at least a portion of its width at predetermined intervals and causing 
the continuous stack of said layers to fold in alternating directions at said intervals 
into a pile; and 

a support member positioned for receiving the pile of the folding 
15 stack of said layers from said tool to form a z-fold pack of folded continuous stack 
of metal foil layers. 

38. An apparatus according to claim 37 wherein the collection slot is 
formed by two spaced-apart rollers. 

39. An apparatus according to claim 37 wherein the collection slot is 
20 formed by two spaced-apart bars. 

40. An apparatus according to claim 37 wherein the tool is adapted to 
score or crease the stack at variable intervals to produce different size z-fold packs 
or to produce different size folds within a single z-fold pack. 
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41. An apparatus according to claim 37 comprising a pattern tool 
positioned for importing a pattern to at least one layer of the continuous metal foil 
layers and convey said at least one layer to one of said plurality of feeders. 

42. A multilayer metal foil product comprising a plurality of continuous 
5 metal foil layers having a width X and formed in a multilayer stack wherein the 

continuous multilayer stack of metal foil layers is folded across width X at 
intervals Y in alternating directions, is piled in a zigzag fashion in the form of a 
pack of a continuous multilayer metal foil stack, said pack having a width X, a 
length Y and a height H determined by a preselected desired length of the z-folded 
10 continuous multilayer stack of metal foil layers. 

43 . A multilayer metal foil product according to claim 42 wherein at 
least one of said metal foil layers is patterned. 

44. A multilayer metal foil product according to claim 42 wherein at 
least one of said metal foil layers is embossed or corrugated. 

15 45. A multilayer metal foil product according to claim 42 comprising at 

least one fiber layer. 

46. A method of producing multilayer metal foil parts comprising: 

feeding to a parts forming operation a continuous multilayer stack 
of metal foil layers from a z-fold pack of a contuiuous multilayer stack of metal 
20 foil layers; and 

forming and cutting individual multilayer metal foil parts from said 
stack of metal foil layers. 
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47. A method according to claim 46 wherein at least one of said metal 
foil layers is patterned, 

48. A method according to claim 46 wherein at least one of said metal 
foil layers is embossed or corrugated. 

49. A method according to claim 46 comprising at least one fiber layer. 





